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The boron-carbon bond in areneboronic acids is cleaved 
by a number of reagents,"*- As might be expected, the mechanism 
of replacement of the boronic acid group,, deboronation, varies 
somewhat as the attacking reagent and the reaction conditions 
are changed,, Displacement by bromine and iodine very probably 
involves attack by molecular halogen on a quadrivalent boronate 
intermediate in the rate-determining step*2*® The arylmer- 
curation of areneboronic acids apparently involves attack of 
an arylmercuric cation on a quadrivalent boronate anion in the 
rate-determining step.^ Protodeboronation in acidic media in­
volves a rate-determining proton transfer to an intermediate 
which possesses either a trlvalent or a quadricovalent boron 
(depending on the reaction conditions). All these mechanisms 
have the characteristics of typical electrophilic aromatic dis­
placements, The reaction of hydrogen peroxide with arene­
boronic acids, however, proceeds by several mechanisms, none 
of which have the detailed characteristics of aromatic electro­
philic substitution in the slow steps,6
TJ
Ainley and Challenger have reported that areneboronic 
acids react with aqueous solutions of copper, silver, zinc, 
cadmium, mercury, and thallium salts but do not react with 
beryllium chloride, magnesium chloride, magnesium bromide, 
calcium chloride, or calcium bromide. According to Johnson,® 
areneboronic acids are much less sensitive to oxygen than are 
alkylboronic acids. The present work revealed that in alka­
line solution, areneboronic acids are more sensitive to metal
1
2ions and oxygen than would have been predicted from their be­
havior in acid solutions*
5
Kuivila and Nahabedian have made a detailed study of 
the mechanism of the protodeboronation of areneboronic acids 
under a number of varied acidic conditions, from strong acid 
media to dilute acid solutions*
They demonstrated that the hydrolysis of p-methoxy- 
benzeneboronic acid and 2,6-dimethoxybenzeneboronic acid was 
subject to general acid catalysis* They also determined de­
pendence on HQ, activation parameters, substituent effects, 
and solvent isotope effects* Prom these data, they concluded
that reaction by more than one mechanism was occurring, depend­
ing on the reaction conditions.
In 30% perchloric acid and 30% sulfuric acid, the 
protodeboronation of p-methoxybenzeneboronic acid is believed 
to proceed by a rate-determining proton transfer from a hy- 
dronium ion to the boronic acid, followed by a rapid cleavage 
of the carbon-boron bond.
5^OH 2^ H B(0H)2
(^]| + H30+ (j^ j) + HgO (1)
H B(OH)g JE
(f^) + HgO Q  + H+ + B(0H)3 (2)
As the substituents are made more electron withdrawing (e,£as 
in the case of p-raethylbenzeneboronic acid), another hydrolysis 
mechanism becomes important in sulfuric acid solution.
3slow
products
With an Increase In electron-withdrawing power of the 
substituent, and a resulting increase in the electrophilicity 
of the boron atom, the concentration of I will increase, and 
mechanism (3) will become more important.
In phosphoric acid, both p-methoxybenzeneboronic and 
p-methylbenzeneboronic acids apparently react by the same mech­
anism. A possible explanation is that in phosphoric acid, both 
the areneboronic acids are present as anhydride species such as
OH
X
Since the hydrolysis of areneboronic acids exhibited 
such interesting features in the acid region, it was decided 
to extend the study of it to more alkaline conditions. Actu­
ally it has long been known that the areneboronic acids hydro­
lyze in basic and neutral solutions. In 1938 Ainley and 
7Challenger reported that the hydrolysis of benzeneboronic
acid was catalyzed by sodium hydroxide and that at 150° C. 
benzeneboronic acid hydrolyzes in water alone.
In the present work, the base-catalyzed hydrolysis 
of ten areneboronic acids (p-CH^O, p-CHg, p-F, p-Cl, H, 
o-CHgO, o-CH3, o-F, o-Cl, SjS-diCHgO) in aqueous malonic 
acid-sodium malonate buffers was studied. Dependence on 
pH and ionic strength was determined for 2,6-dimethoxy­
benzeneboronic acid.
During the investigation, it became apparent that the 
basic hydrolysis of areneboronic acids was further catalyzed 
by certain metal ions. Consequently, the kinetics of the 
base-catalyzed hydrolysis of the same ten areneboronic acids 
were studied in the presence of cadmium ions. Dependence on 
pH was determined for 2,6-dimethoxybenzeneboronic acid and 




I. BASS-CATALYZED HYDROLYSIS OP ARENEBORONIC ACIDS
The kinetics of the base-catalyzed hydrolysis of ten 
areneboronic acids have been studied in aqueous malonic acid-
tion spectra of reactants and products differed sufficiently 
so that the reactions could be followed by measuring the 
change in ultraviolet absorption at selected wavelengths.,
-1-0 Course of the reaction. If the pH of the reaction 
solution is maintained at about 6,8 or less, basic hydrolysis 
converts areneboronic acids to the corresponding benzene.
In more basic solutions in the presence of oxygen, a sizeable 
amount of phenolic product is also formed.
The highest pH used in any of the runs described in this sec­
tion was 6.70. At this pH, any phenolic product formed is in 
such low concentration that it is difficult to detect. With 
all the areneboronic acids used in this work, no phenolic






6product could be directly detected by ultraviolet spectral 
measurements* In the case of o-methoxy-, 2,6-dimethoxy-, and 
p-methoxybenzeneboronic acids, however, there was the follow­
ing indirect evidence that some phenolic product was formed. 
Under the reaction conditions any phenolic product formed is 
gradually converted to a brown substance. The ultraviolet 
spectrum of this brown substance does not exhibit any maxima, 
but it does show gradually increasing absorption at shorter 
wavelengths. Even when the phenolic product is formed in such 
small amounts that no indication of it can be directly detected 
in the ultraviolet spectrum, the brown substance formed from 
it can be detected both visually and in the ultraviolet 
spectrum.
2,6-Dimethoxybenzeneboronic acid was studied most 
thoroughly in this regard. While the amount of phenolic pro­
duct formed was too small to be detected by ultraviolet meas­
urements, it did react to give a brown substance which absorbs 
measureably at 245 mp, the wavelength at which the reaction 
was initially followed. The brown substance, however, does 
not absorb at 290 mji, and so, if the reaction is followed at 
this wavelength* the appearance of the brown substance does 
not introduce an error. If at 245 mp, a calculated infinity 
point is used, the 245 rnp readings yield a rate constant 
which agrees with that obtained from the 290 mp. readings.
The brown substance, therefore, must have been formed only 
after the protodeboronation was substantially complete.
72. Choice of reaction system. The areneboronic acids 
are sufficiently soluble in water to allow it to be used^as 
the solvent. This is fortunate since water is usually the 
solvent of choice for reactions involving acids or bases be­
cause their behavior has been most thoroughly studied in water. 
It was soon found, however, that ordinary distilled water con­
tains impurities that strongly catalyzed the reaction. Conse­
quently all the water used was redistilled from glass.
Since the alkaline hydrolysis of areneboronic acids 
is least complicated below pH 6*8, the reaction was studied 
at pH 6*7 and lower. Preliminary experiments revealed that 
in phosphate buffers, which would normally be used, in this 
region, the rate of hydrolysis was a function of the buffer 
concentration. Consequently malonic acid-sodium malonate 
buffers were chosen because in them the rate of reaction is 
independent of buffer concentration (except, of course, for 
salt effects)* The malonic acid-sodium malonate buffers do 
have one serious drawback. After about 170 hours at 90.0° C., 
an increase in their pH can be detected with a sensitive pH 
meter. This means that the kinetics: of only the initial part 
of the slower reactions could be studied.
3. Kinetic order of reaction. The basic hydrolysis 
of areneboronic acids is first order in areneboronic acid as 
shown by the following facts. In buffered solutions the hy­
drolysis showed, with the exceptions noted below, good pseudo 
first order kinetics. Figure 1 showa a typical first order 











Figure 1.-— Pseudo first order rate plot for the base- 
catalyzed hydrolysis of 2,6-dimethoxybenzeneboronic 
acid (Run 118).
9concentration of 2,6-dimethoxybenzeneboronic acid was varied 
from 4*45 x 10“® M to 5*25 x 10”^ M, the rate constant did 
not change. (See Runs 120 and 131 in Table I.)
The rate plots for o-methoxy- and p-methoxybenzene- 
boronic acid displayed a downward curvature after about 100 
hours at 90.0° C« (Figures 2 and 3). The curvature was quite 
pronounced in the Case of p-methoxybenzeneboronic acid. Rims 
with 2,6-dimethoxybenzeneboronic acid at lower pH*s also showed 
curvatureo In all these cases, rate constants were calculated 
from Initial slopes. It seems likely that the observed curva­
ture is, in some way, caused by the formation of phenolic 
product. With the exception of the hydrolysis of 2,6-dimeth­
oxybenzeneboronic acid at pH 6.70, every time any brown sub­
stance was observed, the corresponding rate plot exhibited 
curvature. Since the formation of the brown substance from 
the phenolic product was shown to be relatively slow, we can 
explain the initial linear portion of the rate plots followed 
by curvature If we assume that It is the brown substance that 
Increases the speed of the reaction.
Since the appearance of the brown substance at pH 
6.70 and below was noticed only in the runs with p-methoxy-, 
o-methoxy-, and 2,6-dimethoxybenzeneboronic acids, it was 
thought that perhaps the methoxy group was being cleaved to 
yield phenolic products. This supposition was rendered un­




RATE CONSTANTS FOR VARIOUS KINETIC RUNS.
Run Substituent Addend [Addend^ ^obs x
moles/l. sec.”-1-
116a 2,6-diCH 0 5 - - 17.4
117 2,6-diCHgO - 18.0
130b 2,6-diCH30 - - 18. 2
131° 2,6-diCHgO mm - 18.3
139d 2,6-diCH_0
3 h 3b o3 3.45 x 10“® 9.20
138d 2,6-diCH30 - - 9.36
159 o-CHgO Cd(N03)2 1.00 x 10~4 42.5
160 o-CH30 Cd(N°3)2 5.00 x 10~4 201
185® 2,6-dlCH30 - - 385
aRun under "anaerobic” conditions.
^Initial concentration of 2,6-dimethoxybenzene- 
- boronic acid = 4.45 x 10"’® M.
cInitial concentration of 2,6-dimethoxybenzene» 
boronic acid = 5.25 x 10“4 M.
^pH = 6.42; for all other runs in this table, 
pH = 6.70.
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Figure 2.— Pseudo first order rate plot for the base- 
catalyzed hydrolysis of o-methoxybenzeneboronic acid 
(Run 147).
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4. Effect of ionic strength. Addition of sodium per­
chlorate decreases the observed rate of reaction. When allow­
ance is made, however, for the fact that addition of sodium 
perchlorate decreases the pH of the buffer, the hydrolysis of
2,6-dimethoxybenzeneboronic acid exhibits a small, but definite, 
positive salt effect. This can be seen by comparing the fifth
(k . ) and sixth (k , „ ) columns in Table II. Whenever so-
C&XCo ODS®
dlum perchlorate is present, kQ^s is larger than ^ca^c «
TABLE II
EFFECT OF IONIC STRENGTH ON THE BASIC HYDROLYSIS OF 2,6- 
DIMETHOXYEENZENEBORONIC ACID IN AQUEOUS MALONIC ACID-SODIUM 
MALONATE BUFFERS AT 90.0° C.
Run moles/l. total meas. ^oalc. x ^ ^obs. x 10
u pH sec."^- sec.”l
JJg 0.0 0.140 6.70 (18.1) 18.1
128 .036 .176 6.67 17.0 18.7
127 .076 .216 6.63 15.5 17.1
124 .120 .260 6.57 13.5 14.9
126 .240 .380 6.54 12.6 14.1
123 .360 .500 6.49 11.1 13.8
Calculated by assuming that k0^Se = 18.1 x 10"”®
sec.“-I- at pH 6.70 and that the reaction is first order in 
hydroxide ion.
14
5* Effect of pH. In malonic acid-sodium malonate 
buffers the rate is independent of buffer concentration* Prom 
pH 6*70 to about pH 5*9* the reaction is first order in hy­
droxide concentration* Below about pH 5*9, the rate does not 
decrease as rapidly as it would if directly proportional to 
the hydroxide Ion concentration* Extrapolation of Nahabedian's 
data1' shows that the acid-catalyzed hydrolysis is too slow at 
these pH's to contribute significantly* apparently a pH- 
independent reaction becomes important at these intermediate 
pH's* These data are summarized in Table III and illustrated 
In Figure 4*
TABLE III
EFFECT OF pH OH THE HYDROLYSIS OF 2,6-DIMETHOXYBENZENEBORONIC 
ACID IN AQUEOUS MALONIC AC ID-SODIUM MALONATE BUFFER AT 90. Q° C*, 
IONIC STRENGTH 0.14.































Figure 4.— log k0bs< versus pH for the hydrolysis of
2,6-dimethoxybenzeneboronic acid.
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6* Effect of boric acid* Since boric acid is a 
product of the reaction, its effect on the rate was tested. 
Addition of 3.45 x 10*"® M boric acid did not change the rate 
CTable I, Run 139).
Effect of oxygen. At pH 8.7 (see Section III)1, 
oxygen can apparently catalyze the formation of anisole from 
o-methoxybenzeneboronic acid® Therefore, the effect of oxygen 
on the reaction at pH 6®70 was tested. A run (Run 116) in 
which the oxygen had been removed by alternate freezing, evac­
uation, and thawing of the reaction solution followed by seal­
ing under vacuum, exhibited the same rate as the corresponding 
runs in which no attempt was made to exclude oxygen (Table I, 
Runs 116 and 117),
8. Solvent deuterium isotope effect® The rates of 
hydrolysis of four areneboronic acids were measured in deu­
terium oxide malonlc acid-sodium malonate buffers. The re­
action solution was made up with 99.85 deuterium oxide, but 
some protium was supplied by the components of the buffer and 
by the areneboronic acids so the reaction solvent was actually 
98.0$ deuterium oxide.
The difficulty of relating the measured "pH" in DgO 
to the pH in HgO prevents any meaningful direct comparison 
of rates in the two media. The measured "pH" in the reaction 
mixture was 6,65.
The data are summarized in Table IV. Inspection of 
Table IV reveals that while the rate constants for the re­
action in DgO roughly parallel the rate constants measured In
17
TABLE IV
VALUES OP ( k ^ ; ^  POR THE BASIC HYDROLYSIS OP SUBSTITUTED 
ARENEBORONIC ACIDS IN MALONIC ACID-SODIUM MALONATE BUFFERS 
(MEASURED "pH” 6.65} IN 98.0# DEUTERIUM OXIDE AT 90.0° C.
6 a
Run Substituent (kobs.^D x 10 ^kobs.^H
(kobs.>D
178 H .167 0.87
180; P*-CH30 .385 1.6
179 p-Cl .218 .86
176 2,6-diCHgQ 12.9 1.4
a k^c»bs« observei  ^rate constant measured in
water at pH 6.70' (see Table V).
HgO, the ratios (k0ks./kobs.)d fal1 into two groups, those 
less than one and those equal to about one and a half. Appar­
ently the solvent is playing a somewhat different role in the 
hydrolysis of p-chloro- and unsubstituted benzeneboronie acids 
than in the hydrolysis of p-methoxy- and 2,6-dimethoxybenzene- 
boronic acids.
9. Effect of substituents. The rates of reaction of 
ten areneboronic acids in aqueous malonic acid-sodium malonate 
buffers at pH 6.70 are summarized in Table V. Inspection of 
Table V reveals that both electron-releasing and electron- 
withdrawing substituents increase the rate. In Figure 5, 
log (k/kg) for the para-substituted areneboronic acids is 
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Figure 5.— log ( k0t,s . Aobs.o) versus 6 for the base- 
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VALUES OP koba# FOR THE EASIG HYDROLYSIS OP SUBSTITUTED 
ARENEBORONIC ACIDS IN AQUEOUS MALONIC ACID-SODIUM MALONATE 
BUFFERS (pH 6*70) AT 90*0° C.
Run Substituent kobs. * 106 
sec.“^
1°S (k-obs.^obs.o)
156 H 0.145 0.0
142 p-ch3o .610 . 623
146 p-ch3 .260 .253
149 p-F .250 .236
157 p-Cl .187 •111
147 o-CHgO 1.53 1.02
145 o-CHg .360 •394
148 o—P 11.1 1.88
145 o-Cl 8.60 1.77
2,6-diCHgO 18.1 2.10
the ortho-substituted areneboronic acids is plotted against
T a f t ^ s T h e  ortho-substituted benzene substituent con- o
stant is a measure of only the electronic effects (both 
resonance and inductive) since the steric effects have been 
eliminated. Both these plots illustrate the point that 
electron-withdrawing and electron-releasing substituents in­
crease the rate of reaction. In the case of ortho substituents, 
the electron-releasing groups apparently lie on a straight 
line which also passes through the point representing the
21
unsubstituted benzeneboronic acid. Perhaps the fluoro and 
chloro points lie on another straight line which also passes 
through the point for unsubstituted benzeneboronic acid, but 
there are not enough points to permit a valid conclusion to 
be drawn. In view of the mechanism presented below, perhaps 
we should not expect a correlation in these plots. In the 
case of the para substituents, clearly no linear relationship 
exists,
TABLE VI
VALUES OP kobSo FOR THE BASIC HYDROLYSIS OP SUBSTITUTED 
ARENEBORONIC ACIDS IN AQUEOUS MALONIC ACID-SODIUM MALONATE
BUFFERS (pH 6.42} AT 90.0° C., IONIC STRENGTH 0.14.




183 H .08 .076
154 p~CHgO .322 .320
153 p-ch3 .145 .3.37
155 p-F .141 .131
184 p—Cl .10 .098
151 0-CH3O .772 .803
150 0-CH3 *208 *189
152 o~Cl 4.76 4.52
Calculated from the rate constants measured at pH 6.7© 
by assuming that the reaction is first order in hydroxide ion.
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In order to check whether the pH-lndependent reaction 
made a contribution to any of the observed rate constants at 
pH 6*7Q> the rates of hydrolysis of the various substituted 
areneboronic acids were measured at pH 6*42* The rate con­
stant 3P summarized in Table VI, show that the hydrolysis of 
all the areneboronic acids studied is first order in hydroxide 
ion between pH 6*42 and pH 6*70* Thus, the neutral reaction 
does not contribute to the observed rate and the rate constants 
in Table V are a true measure of the effect of the substituents 
on the base-catalyzed reaction alone*
10* Mechanism* In aqueous solution, areneboronic
acids are In equilibrium with the corresponding areneboronate
anion*
K_ ,
PhB(0H)g + HgO PhB(0H)3 + H+ (6)
The areneboronate anion should be more susceptible than the 
areneboronic acid to electrophilic attack since the negative 
charge on the boron atom will increase the electron density 
at the carbon to which it is attached by virtue of the induc­
tive effect* If this is true, then the mechanism may be 
written, in general terms as follows*
K_




PhB(0H)3 + HgO ---* PhH + B(OH), * OH (8>
Slow 3
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In the following analysis, the symbols to be used
include s
[BAH] - concentration of free areneboronic acid,
[ArB(OH)g]
[BA*3 = concentration of areneboronic anion,
[ArBCOHj g ]
[BAH]S ss stoichiometric concentration of areneboronic 
acid, {'[BAH] * TEA"]} 
kobs, ” °bsei,ved rate constant.
In the above mechanism, a water molecule attacks the 
areneboronate anion in the rate-determining step* Consequently 
we can write
v = k* [BA""J THgO]. (9)
For reaction (7),
[BA~J[H+ ]
K « --------- * (10)
a [BAH]
Since
n rxi+i\  = [Ht] rOH-J (.11)
and consequently
CH+] « -=-==> (12)
[OB]
we get, by substitution in equation (IQ),
w- ’3K = .F- —  - (13)




[BAH] = [BAH] - [BA“3, {15))s
we get by substitution in equation (14)
K
[BA"] = —  j[BAH]s - [BA"]}[0H~] (16)
Rearranging,
EL K
[BA"J = —  [BAH3S [0H“] - -£[BA"J [OH"] (17);
[BA"]fl + — [OH“j] = — /BAHJ [OH"] (18)
L *w J *w
— [BAH]a[OH“]
Tba-] » -f C192
1 4- Ka [OH ]
K
K_ ^
At pH 6*70, the largest value of the term —=-[0H ] for any of
the areneboronic acids used in the present work is 0*028 (for 
o-fluorobenzeneboronic acid)* Consequently we can neglect 
this term and write
Ka
[BA-] = r-[BAH]a[0H"]. (80)
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Substituting equation (20) in equation (9), we get
Y
v * k —  [H20][BAH]s [0H";U ( 21)
Since the concentration of water remains constant at 55*5 
moles/1*,
A
v = 55*5k ——-[BAH] _ [OH" J * (22)
The basic hydrolysis of areneboronic acids was found 
experimentally to be first order in both areneboronic acid 
and hydroxide ion, and so the experimental rate expression 
can be written
T = fcobs.IMar03"!* t23)






Polevy^'*’ has measured the ionization constants of all 
the areneboronic acids used in the present work. While he 
determined the constants in 25# methanol at 24° C*, and the 
kinetic runs in the present work were made in aqueous solution 
at 90*0° C*, the relative values of his constants probably
t
are valid for the present work* The values of k, calculated 
from and with equation (25), are listed in Table VII*
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TABLE VII
VALUES OP k* FOR THE BASIC HYDROLYSIS OF SUBSTITUTED ARENE­
BORONIC ACIDS IN AQUEOUS MALONIC ACID-SODIUM MALONATE BUFFERS 
(pH 6.7Q) AT 90.0° 0*
Substituent K& x l©10 k* x lO ”^4 log ( V / k ^ )
1. mole” sec,"^-
H 7.59 3 . 43 0
p -c h3o 2.57 42.7 1.10
p-ch3 5.02 15.5 .655
p-F 9.53 4.86 .152
p-Cl 20.9 1.60 -.322
o-CHgO 2.14 129 1.58
o-CHs 1.02 63.1 1.27
o—F 56.2 35.7 1.02
o-Cl 26.9 59*9 1.24
6—diCHgO . 295 11,000 3.51
aMeasured by Polevy11 in 25$ methanol at 24° C.
I 9
In Figure 7, log (k /k 0) for para-substituted areneboronic
acids is plotted against </« The fit is fairly good except
that the point for benzeneboronic acid lies below the line.
12Brown and Okamoto have developed a series of sub­
stituent constants <S+, which are corrected for resonance 
stabilization of an electron deficient transition state. In 
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the p-methoxy point lies far below the line. It appears that 
<f+ does not correlate the data as well as does d»
Wepster-*-3 has suggested that d and <f+ simply represent 
extreme cases, and that actually a whole range of values of 
substituent constants exists between them, Yukawa and 
Tsuno^ s’-s-3*^3 have examined this same problem from a some­
what more quantitative viewpoint. Their study of the decom­
position of substitutedo>-diazoacetophenones in acetic acid 
revealed that a better linear correlation was obtained with 
6+ than with (fe They noted, however, that all the points for 
para substituents in the d + plot fell below the line determined 
by the points representing meta substituents. This they at­
tributed to the possible lesser importance of transition state 
resonance in this reaction than in the reaction used to obtain 
<{+, They cited other reactions in which the resonance effect 
appeared to be less than predicted b y ^ + values. These ex­
amples included the solvolysis of neophyl brosylates,^ the
Beckmann rearrangement of acetophenone oxime picryl ethers,
1 Qthe Beckmann rearrangement of acetophenonoximes, the Diels-
Alder reaction of 1-phenyl-1,3-butadienes with malelc anhydride^
and the acid-catalyzed rearrangement of phenylpropenylcar- 
21binolsp. Conversely, in the brominolysis of benzeneboronic
P
acids, the contribution of transition state resonance appears 
to be greater than predicted by d+» On the basis of this evi­
dence Yukawa and Tsuno suggested that a single set of d* values 
was not sufficient to correlate all reactions in which reso­
nance stabilization of an electron-deficient transition state
30
is possible* They developed a modified Hammett equation which 
might correlate electrophilic reactions in generals
log k/kQ = 6 + r U + - 6) (26)
where r is a reaction constant measuring the degree of transi­
tion state stabilization by resonance.
Thirty-five reactions have been correlated by equation 
(26)* The reaction constant r was found to vary over a wide 
range (0*2 to 2*3) for the reactions studied* Yukawa and Tsuno 
believe that Brown and Okamoto3 s equation is successful only 
because most reactions have r values in the relatively narrow 
range of 0*7 to 1*3* In Figure 9, log (k/kQ) for the basic 
hydrolysis of para-substituted areneboronic acids is plotted 
against <£+ 0,5(tf+ - <0* & better correlation is obtained
than when either 6 or <f+ is used alone* This indicates that 
while there is evidently some resonance stabilization of the 
transition state, due to conjugation with para substituents* 
it is less than would be predicted fromtf* values*
The value of p in Figure 9 is -2*14* This relatively 
small value of f Is an indication that there is less positive 
charge In the transition state here than in the acid hydrolysis 
where ^ is -5*0*
In Figure 10, log (kV^'o^ *>or ortho-substituted arene­
boronic acids is plotted against <£*• Ho linear correlation 
is obtained* This plot could be interpreted in two ways* The
via
2,6-dimethoxy, o-methoxy, o-methyl„ and unsubstituted benzene­
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while the o-chloro, o-fluoro, and unsubstituted benzeneboronic 
acid points lie on another line® If this is correct, sub­
stituents whose & q values are more positive than those of 
o-chloro and o-fluoro, should increase the reaction rate over 
that of o-chloro and o-fluoro* The other way to look at the 
plot is to consider that, except for the point representing 
unsubstituted benzeneboronic acid, all the points lie on a 
curve of changing ^  , and that the reaction of unsubstituted 
benzeneboronic acid is unique In some way® If this second 
view Is correct, substituents whose values are more posi­
tive than those of o-chloro and o-fluoro should decrease the 
reaction rate over that of o-chloro and o-fluoro* With only 
the present data available, it is not possible to make a choice 
between these two viewpoints®
This lack of linearity of the plot for the Ortho- 
substituted areneboronic acids Is not too surprising® Any 
correlation of reaction rates with ortho substituents Is much 
more difficult than a correlation with para substituents since 
more factors must be considered® In the case of para sub­
stituents we normally have to consider only resonance and in­
ductive effects® In the case of ortho substituents, we must 
also take Into account (1) steric effects, (2) electrostatic 
field effects (including the "electrostatic medium” effect), 
and (3) Intramolecular hydrogen bonding®
Steric effects might decrease the rate of reaction 
by blocking the approach of the attacking species. In the 
alkaline hydrolysis of areneboronic acids, where hydrogen is
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replacing a larger group, the presence of a bulky ortho sub­
stituent is more likely to accelerate the reaction* If the 
transition state resembles II where a considerable degree of
X
II
bonding of the incoming hydrogen to ring carbon has already 
occurred, then in the transition state the carbon attacked 
must have approached tetrahedral hybridization* Steric inter­
ference between the leaving group and the ortho substituent 
would be relieved in going to such a transition state* This 
would result in steric acceleration of the reaction*
If the rate is Influenced by the ease of bond break­
ing between the ring carbon and the leaving group (as it is,
pg
for example, In sulfonation ), then steric interaction be­
tween the leaving group and the ortho substituent would again 
accelerate the reaction since it would facilitate bond 
breaking*
There are several examples in the literature of steric
acceleration in displacements by hydrogen. Steric acceleration
apparently aids the reaction of certain trimethylsllyl xylenes




PhSi(CH3 )3 + H+±z^
2-Trimethylsilyl-m-xylene ( in which the Si(CH3 )3 group is 
situated between two methyl groups) was found to be "too re­
active” by a factor of 10 as compared with 4-trimethylsilyl- 
m-xylene. This additional reactivity is probably due to 
steric acceleration,,
The decarboxylation of aromatic compounds also In­
volves replacement of a large group by hydrogen® Although, 
the situation is complicated by the fact that in some cases 
the reaction may go by more than on© path, evidence for steric 
acceleration was found®.24 Methyl, ethyl, and i-propyl groups 
all have about the same activating effect, yet 2,4,6-tri- 
isopropylbenzoic acid decarboxylates much more rapidly than
2,4,6-triethylbenzoio acid which, in turn, decarboxylates 
more rapidly than 2,4,6-trimethylbenzoic acid. Here again, 
evidently, steric acceleration is contributing to the rat© 
of reaction.
In the electrostatic field effect, electrostatic
interaction is transmitted directly through space instead of
being transmitted through the carbon chain® If the ortho
substituent possesses a partial charge, it could interact by
the electrostatic field effect with either the entering group
25or the leaving group® For example, Hammond has suggested 
that substituents such as carboxyl and nitro aid nitration at 




► PhH + (CHgJjSiOHp (27)
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position, by dipole-dipole interaction with the entering 
nitronium ion*
Any attempt to provide a correlation between the 
electrostatic field effect and the rate of reaction is compli­
cated by the fact that, since the electrostatic interaction is 
over a small distance close to the molecule, the effective di­
electric constant is not that of the solvent* Rather, the 
effective dielectric constant is a function of the size and 
shape of the cavity formed by the molecule in the solvent*
Thus, changes in the molecule which only alter its size or 
shape can increase or decrease the effectiveness of electric 
charges or dipoles already present*
Intramolecular hydrogen bonding is possible if the 
ortho substituent has unshared electrons* Polevy^* found 
evidence for intramolecular hydrogen bonding in o-halo- and 
o-methoxybenzeneboronic acids* Intramolecular hydrogen bond­
ing should cause splitting of the OH band in the infrared 
spectrum, and this Is just what was found© In methylene 
chloride, benzeneboronic acid exhibits one hydroxyl band at 
3650 cm”1® o-Pluoro-, o-chloro-, and o-methoxybenzeneboronic 
acids exhibit two hydroxyl bands, one in the region 3620-3670 
cm”1 and the other in the region 3470-3520 cm”1* In these 
ortho-substituted areneboronic acids, the band between 3470 
and 3520 cm”1 evidently represents a hydroxyl group that is 
hydrogen bonded to the ortho substituent, while the band in 
the region 3620-3670 cm”1 represents a hydroxyl group that Is 
not hydrogen bonded* 2,6-Dimethoxybenzeneboronic acid exhibits
only on© hydroxyl band, at 3570 cm”1® In this compound evi­
dently both hydroxyl groups are hydrogen bonded. These re­
sults are summarized in Table VIII. Inspection of the data 
reveals that the magnitude of the frequency shift is F
ch3o.
TABLE VIII
THE HYDROXYL INFRARED ABSORPTION BANDS FOR SEVERAL ARENE­
BORONIC ACIDS IN METHYLENE CHLORIDE AS MEASURED BY POLEVY.11






The question now arises whether the magnitude of the
frequency shift is a measure of the strength of the hydrogen
bond. In at least one case, that of unsymmetrical 2,6-di-
halophenols, the frequency shift does not reflect the hydro-
26gen bond strength. The frequency shifts increased with the 
increasing size of the halogen while the order of hydrogen 
bond strength was Cl >Br > F >1. This measured order of hy­
drogen bond strength was attributed to the variation of halo­
gen size and to orbital-orbital repulsive interaction. 
Orbital-orbital repulsive forces and the size of the substit­
uent are probably less important in the case of areneboronic
38
acids sine© here hydrogen bonding involves formation of a 
flexible six-membered ring® Even if the frequency shift is 
a true measure of hydrogen bond strength, the hydrogen bond 
involving fluorine is only 1.2 times as strong as the hydrogen 
bond involving chlorine®
pared to that in the acid, is affected, by several factors®
In the areneboronate anion, since back coordination between 
the boron atom and the substituent is no longer possible, the 
electron density on the substituent is higher, and this will 
facilitate hydrogen bonding® The negative charge on boron 
makes the oxygens of the hydroxyl groups less electronegative 
and hence diminishes hydrogen bonding®
11® Comparison of ortho/para ratios® Possibly the 
most fruitful approach to the problem of how the ortho sub­
stituents increase k* over the corresponding para substit­
uents is to study the ortho/para ratios as listed in Table IX®
TABLE IX
ORTHO/PARA RATIOS (k* orthc/^para) F0R SUBSTITUTED ARENE­
BORONIC ACIDS IN AQUEOUS MALONIC ACID-SODIUM MALONATE BUFFERS 
(pH 6®70) AT 90*0° C®
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aL. Pauling, 51 The Nature of the Chemical Bond," 
Cornell University Press, Ithaca," 1940*
Let us first consider steric effects. The van der 
Waals* radii for the substituents are listed in Table X. The 
relative size of the substituents and the pertinent geometry 
are shown in Figure 11. It can be seen that the fluoro and 
methoxy substituents are only very slightly larger than hy­
drogen© The chloro substituent is significantly larger than 
hydrogen and the methyl substituent is significantly larger 
than the chloro substituent© Consequently If steric effects 
were the only important difference between the ortho and para 
substituents, the ortho/para ratios should increase in the 
order F = C H g O X C K C H g  and the ortho/para ratios for fluoro 
and methoxy would be only slightly greater than one. The 
ortho/para ratios do not follow this order, so other effects 
must be important. Steric acceleration, however, could be con­








Figure 11.— Geometry of ortho substituents.
The circle representing the fluorine atom can be 
considered to al30 represent the oxygen atom in 
the methoxy group.
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The possible Importance of electrostatic field effects 
is much harder to evaluate* First let us consider the effect 
of the electron-withdrawing groups, such as o-fluoro and o- 
chloro, which have a partial negative charge* In the ground 
state there will be electrostatic repulsion between the sub­
stituent and the negatively charged boron atom* If, as seems 
most likely, the substituent and the boron atom are farther 
apart in the transition state than in the ground state, then 
this electrostatic repulsion should facilitate the reaction* 
However, the charge distribution will also change In 
going from the ground state to the transition state* The 
charge on the boron atom could either increase or decrease 
depending upon which of two opposing effects predominates*
The change of the carbon to which the boron is attached from 
sp^ hybridization toward the less electronegative sp3 hybrid­
ization will Increase the negative charge on the boron atom* 
Any interaction between the positive charge on the ring and 
the negative charge on boron will decrease the charge on the 
boron* According to resonance theory, much of the positive 
charge on the ring will be localized on the carbon atoms 
ortho and para to the reaction site* Since the substituent 
is so close to one of these very positive carbons, the nega­
tive charge on the substituent will probably decrease more 
than the charge on the boron will increase (due to the change 
in hybridization)® Consequently neglecting changes in geom­
etry, the repulsion will decrease in going to the transition 
state, and the reaction will be facilitated® With electron- 
withdrawing groups,, both the change in geometry and the change
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in charge distribution in going to the transition should aid 
the reaction as far as electrostatic effects are concerned® 
Next let us consider the electron-donating substit­
uents, such as o-methyl and o-methoxy, which have a partial 
positive charge on them® In the ground state there will be 
electrostatic attraction between the substituent and the nega­
tive charge on the boron® If the substituent and boron are 
farther apart in the transition state than in the ground state, 
then this electrostatic attraction should hinder the reaction® 
Again, however, we must consider the charge distribution in 
going to the transition state® As before, the negative charge 
on the boron might either increase or decrease® The substit­
uent will become more positive due to the positive charge on 
the ring® Consequently If the negative charge on the boron 
decreases less than the positive charge on the substituent, 
or Increases, the electrostatic attraction should be greater 
in the transition state (neglecting changes in geometry), and 
the reaction will be facilitated®
In the above discussion, we tacitly assumed that the 
electrostatic medium effect remains constant® Of course this 
is not necessarily true and any change In medium effect would 
further complicate the picture® Since the electrostatic ef­
fects are so complex, it is impossible with the data now 
available to say how Important the electrostatic effects 
really are in determining the ortho/para ratios®
Hydrogen bonding could affect the rate in the case of 
o-methoxy, o-fluoro, and o-chloro substituents® Anything
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which increases the electron density on the substituent and 
decreases the electron density on the oxygen (between the hy­
drogen and the boron) will increase the strength of the hy­
drogen bond* In going from the ground state to the transition 
state, the electron density at the substituent decreases and 
the electron density at the boron atom (and consequently at 
the adjacent oxygen atom) increases or decreases for the rea­
sons set forth above in the discussion of electrostatic effects® 
If, as seems likely, the decrease in electron density on the 
substituent weakens the hydrogen bond more than a possible de­
crease in electron density on the oxygen of the boronate group 
strengthens it, this effect will suppress the reaction®
In the above discussion we assumed that the carbon- 
boron bond had not started to break in the transition state®
If it is partially broken, then the hydrogen bond may well 
be stronger in the transition state than in the ground state, 
and the reaction will b© facilitated®
The ortho/para ratios for the protodeboronatIon of
11several areneboronic acids, as measured by Polevy, (Table XI) 
are much smaller than those for the alkaline hydrolysis® In 
fact, they are (allowing for a statistical factor of two) 
quite similar to those obtained for nitration® Presumably in 
the acid hydrolysis, a hydronium Ion transfers a proton to the 
boronic acid in the rate-determining step while in the alkaline 
hydrolysis a water molecule transfers a proton to the boronate 
anion® By considering the differences between these two hy­
drolyses (which exhibit "norma!" and very large ortho/para
44
TABLE XI
ORTHO/PARA RATIOS FOR PROTODEBORONATION IN AQUEOUS SULFURIC 
AO ID AT 60° C.11 AND IN AQUEOUS MALONIC AC ID-SODIUM MALONATE 
BUFFERS (pH 6,70) AT 9Q° C*





c h3° 0*46 4.06
Cl 0.40 7*34
F 0*24-0.38 37*3
ratios respectively) we may gain a clue as to why the ortho/ 
para ratios are so large for the alkaline hydrolysis* The 
leaving group is bulkier in the alkaline hydrolysis, so steric 
acceleration will become more important in the case of bulky 
substituents (viz*, chloro and methyl)* The negative charge 
on the boron should Increase elebtrostatic interaction with 
the ortho substituents which in the case of fluoro and chloro 
should increase the rate* The disturbing thing here is that 
the methoxy group has a partial positive charge on It so the 
increased negative charge on the boron should hinder the 
reaction*
12* Conclusions* Above pH 5*9, It seems almost cer­
tain that the areneboronic acid reacts as the boronate anion. 
This is supported by the fact that the rate of reaction Is 
proportional to the concentration of hydroxide Ion. In the 
boronate anion, the carbon adjacent to the boron should be
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more susceptible to electrophilic attack because its electron 
density has been increased by the inductive effect of the 
negative charge on the boron.
If a water molecule is donating a proton to the boron­
ate anion in the rate-determining step, the transition state 
will possess a negative charge. This agrees v/ith the observed 
kinetics. If a hydronium ion were donating a proton to the 
boronate anion, the transition state would be neutral.
Two possible extremes for the transition state are 
represented by III and IV. In III the benzene ring has a
H B( OH)
III IV
positive charge on it, and for the reaction should have a 
large negative value. In IV, the benzene ring does not have 
any positive charge on it, and Q for the reaction should be 
zero. The experimental value of ^ is -2.14 which is fairly 
small compared to the ^ of -5.0) found for the acid-catalyzed 
hydrolysis.® This low ^ value is evidence that the transi­
tion state in the base-catalyzed hydrolysis resembles IV 
more than does the transition state in the acid-catalyzed 
hydrolysis.
The weakness of the carbon-boron bond makes it seem 
likely that the carbon-hydrogen bond forms In the rate-
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determining step and that the carbon-horon bond splits in a 
fast subsequent step* The argument could be advanced, however, 
that since the intermediate in the alkaline hydrolysis is 
neutral, it possesses unusual stability and the carbon-boron 
bond is broken in the rate-determining step* A third possi­
bility is that the reaction is concerted and that both bonds 
are relatively weak in the transition state* With the data 
at hand we can not make a choice between these alternatives^
One of the outstanding features of this reaction is 
the large ortho/para ratios* In the previous discussions 
(pp, 33-44) many possible explanations were considered#. With 
the Information we have we can not tell what the proper expla­
nations are, but It does seem likely that steric acceleration 
and hydrogen bonding are Involved# Steric acceleration is 
about the only explanation we can Invoke in the case of methyl* 
It could also contribute to the very large ortho/para ratio 
found for chloro*
Hydrogen bonding is probably involved in some way 
(possibly indirectly by causing a change in solvation, electron 
density, etc*) in the case of methoxy, fluoro, and chloro*
It Is difficult to see what other effect could be operating 
with methoxy* Hydrogen bonding could also contribute to the 
very large ortho/para ratio observed for chloro*
Below pH 5®9, a pH-independent reaction becomes impor­
tant® This independence of pH could be explained by either 
of two mechanisms® A hydronlum Ion could be attacking the 
boronate anion in the rate-determining step or a water molecule
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could be attacking the boronic acid. Certainly a hydronium 
ion and a boronate anion should be much more reactive towards 
each other than are a water molecule and a boronic acid mole­
cule. The concentrations, however, of boronic acid and water 
are much greater than the concentrations of boronate anion and 
hydronium ion. Mt pH 5.45, for example, if the concentration 
of boronic acid is 4.45 x 1Q“® M that of boronate anion is
3.70 x 1Q“® M, and the concentration of water is 55.5 M while 
that of hydronium ion is 3.55 x 10”® M. The question is 
whether the greater reactivity of the hydronium ion and the 
boronate ion is sufficient to predominate over the greater 
concentration of the water and boronic acid.
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II. CADMIUM ION-CATALYZED HYDROLYSIS OP ARENEBORONIC ACIDS
The presence of cadmium ion greatly Increases the 
rate of the basic hydrolysis of areneboronic acids. The 
kinetics of the cadmium ion-catalyzed basic hydrolysis of 
ten areneboronic acids were studied in aqueous malonlc acid- 
sodium malonate buffers at 90*0° C* The rate of reaction 
was followed by measuring the change in ultraviolet absorption 
at selected wavelengths®
The rate constants for the cadmium ion reactions 
were calculated by taking the difference between the observed 
rate and the rate of the corresponding basic hydrolysis. The 
reaction whose rate constant is calculated in this manner is 
hereafter called the wcadmium" reaction.
1° 0QUT3Q of the reaction. In the pH region studied, 
hydrolysis due to cadmium ion catalysis converts areneboronic 
acids to the corresponding benzenes. In other words, the 
products are the same as in the ordinary basic hydrolysis.
So Choice of reaction system. The reaction system 
chosen was the same one used to study the basic hydrolysis.
The cadmium ion was added as cadmium nitrate. The nitrate 
ion has no effect on the rate since the presence of sodium 
nitrate did not affect the rate.
3. Kinetic order of reaction. The cadmium ion re­
action is first order in both areneboronic acid and in cadmium 
ion. In buffered solution, the reaction was pseudo first 
order in areneboronic acid. Figure 12 shows a typical pseudo 
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Figure 12.— Pseudo first order rate plot for 
the cadmium ion-catalyzed hydrolysis of 
o-methoxybenzeneboronic acid (Run 159).
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rate plot to show even a slight curvature was that for p- 
methoxybenzeneboronic acid (Figure 13)* It will be remembered 
that in the ordinary basic hydrolysis, the rate plots of o- 
methoxy- and p-methoxybenzeneboronic acids both displayed 
curvature, and that in the case of the p-methoxy compound the 
curvature was quite pronounced* The dramatic reduction of 
curvature in the "cadmium” reaction as compared to the ordi­
nary basic hydrolysis is consistent with the previously given 
explanation for the curvature* In the base reaction, a brown 
substance gradually formed (presumably from phenolic side 
products), and it was suggested that this brown substance may 
have caused the curvature* The "cadmium" reaction is so fast 
relative to the rate of formation of the brown substance, that 
one would predict that it would be affected much less than is 
the base reaction* And, indeed, this is what was observed*
When the concentration of cadmium nitrate was increased 
five fold (from 1 x 10~4 M to 5 x 10”4 M) the rate due to the 
cadmium ion reaction increased 4*87 times (from 41*0 x 10“® 
s e c * “ l  to 200 x 10“® sec*"^) (Table I, Runs 159 and 160)*
These data indicate that the reaction is first order in cad­
mium ion within experimental error*
4* Effect of pH*. From pH 6,7 to about pH 5,8, the 
reaction is first order in hydroxide ion* Below about pH 5,8, 
the rate decreases more slowly* These data are summarized in 
Table XII and are plotted in Figure 14* Figure 14 is quite 
similar to Figure 4 for the base reaction* Here again, evi­
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Figure 13.— Pseudo first order rate plot for 
the cadmium ion-catalyzed hydrolysis of 
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Figure 14.— log kcd versus pH for the cadmium ion-




EFFECT OF pH ON THE HYDROLYSIS OF 2,6-DIMETH0XYBENZENEB0R0NIC 
ACID IN AQUEOUS MALONIC AC ID-SODIUM MALONATE BUFFERS AT 90.0° C., 
IONIC STRENGTH 0.14, IN THE PRESENCE OF 1 x 10"4 M CADMIUM 
NITRATE.
the cadmium Ion hydrolysis of 2,6-dimethoxybenzeneboronic 
acid was measured in a malonic acid-sodium malonate buffer 
with 98.0$ deuterium oxide as the solvent (Table I* Run 185). 
The conditions (except for the presence of cadmium nitrate), 
were exactly the same as for the runs listed in Table IV*
The rate constant for the '’cadmium” reaction* C^q^D® is 
372 x 10"6 sec.""*” and Is 1*8. This ratio is
larger than the value of 1*4 for the base-catalyzed reaction* 
If water attacks the boronate anion In the rate-determining 
step in the base reaction* but does not enter the cadmium ion 
reaction until after the rate-determining step* then the sol­
vent isotope effect should not be the same in both reactions. 







5* Sblvent deuterium isotope effects. The rate of
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6* Effect of other added salts, A number of metal 
ions other than cadmium ion can increase the rate of the al­
kaline hydrolysis of areneboronic acids. The relative effects 
of various salts are summarized in Table XIII, The salts used 
were analytical reagent grade but were not further purified, 
so the catalytic effect of, say, magnesium nitrate could be 
due to a small impurity of some more reactive ion,
TABLE XIII
RELATIVE RATES OP o-METHOXYBENZENEBORONIC ACID IN MALONIC 
AC ID-SODIUM MALONATE BUFFERS (pH 6.80) AT 90.0° C. IN THE 
PRESENCE OF VARIOUS SALTS.
Run Salt Relative rates






95 Zn(N03 )2 48
94 Cd(N03)2 270
96 AgN03 320
7, Effect of substituents. The rates of the cadmium 
ion-catalyzed hydrolysis of ten areneboronic acids are sum­
marized in Table XIV. Inspection of Table XIV reveals that
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TABLE XIV
VALUES OP l£cd FOR THE BASIC HYDROLYSIS OP SUBSTITUTED ARENE­
BORONIC ACIDS IN AQUEOUS MALONIC ACID-SODIUM MALONATE BUFFERS 
(pH 6.70) AT 90.0° C., IONIC STRENGTH 0.14, AND IN THE PRES­
ENCE OP 1 x 1Q~4 M CADMIUM NITRATE.
Run Substituent kcd x I©6 
sec.“^
loe ( W kocd>
165 H 2.24 0.0
169 p -c h3o 4.85 .335
167 p-ch3 2.40 .029
168 p-F 4.61 .314
166 p-Cl 5.00 .352
159 o-CHgO 41.0 1.26
170 o-CH3 5.45 .39
181 o-F 193 1.94
171 o-Cl 75.2 1.53
161 2,6-dlCHgO 68© 2.48
both electron-releasing and electron-withdrawing substituents 
increase the rate. In Figure 15, log ^or para
substituents; is plotted against Hammett's <>. In Figure 16, 
log ^/k for the ortho substituents are plotted against ^  
8® Possible mechanisms. At least two mechanisms are 
possible for the '’cadmium” reaction. In the first mechanism 
the cadmium ion attacks the boronate anion to displace the 
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Figure 15.— log (kcd/koCd^ versus d for the cad­
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Figure 16.— log (kCc/koC(i) versus for the cadmium
ion-catalyzed hydrolysis of ortho-substituted benzene- 
boronic acids.
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thus formed hydrolyzes in a fast step. Neglecting solvation, 
the mechanism can be written as follows.
PhB(OH)rt + OH"-'- PhB(OHk ('28}
2 fast
i
PhB(OH)" + Cd++ PhCd+ + B(OH), (29)
5 slow d
PhCd+ + Ho0   PhH + Cd++ + OH" (30)
A fast




In the second mechanism, a solvated cadmium ion transfers a 
proton to the boronate anion in the slow step* Considering 
only one of the hydrating water molecules, this mechanism 
can be written as follows,
Ka
PhB(0H)o * 0H"^=±PhB(0H)_ (32)
2 fast 5
t ,
+ + hod ++ -
PhB(OH) + Cd-OHg --- ► PhH +■ B(OH)„ + Cd + OH (33)
^ slow
9
Here again can be calculated from equation (31)*
The acid-catalyzed hydrolysis has been shown to be
5 + +
subject to general acid catalysis. We can regard Cd-OHg as
a general acid. Prom this viewpoint, the great increase in
rate caused by the presence of cadmium ion is not surprising 
+ +
since Cd-OHg should be a much stronger acid than water.
Using the values of measured by Polevy'1'^  and the
stoichiometric concentration of cadmium ion, the values of
k* (Table XV}, can be calculated,Cd
TABLE XV
VALUES OP kQd FOR THE HYDROLYSIS OP SUBSTITUTED ARENEBORONIC 
ACIDS IN AQUEOUS MALONIC ACID-SODIUM MALONATE BUFFERS (pH 6,70) 
AT 90,0° C,, IONIC STRENGTH 0,14, AND IN THE PRESENCE OP 
1 x 10“4 M CADMIUM NITRATE,
Substituent K& x 1010 k£d x^lO14 log C ^ dA * cd)
1, mole sec.
H 7*59 .296 0.0
p -c h3o 2,57 1.89 .812
p-ch3 5.02 .795 .428
p-F 9.33 .495 *224
p-Cl 20,9 .239 -.093
o-CHgO 2,14 19.2 1.89
°-ch3 1.02 5.35 1.26
o*-F 56.2 3.44 1.03




In Figure 17, log ( ^ dA o Q d) f°r t*1® para substituents 
is plotted against <£. The fit is fairly good except that the 
point for the unaubstituted benzeneboronic acid lies below the 
line. In Figure 18, log (^dAocd^ *’S against <£+,
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Figure 17.— log (kcd/koCd^ v©raus d for the 
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Figure 18.— log (kQ^/k^^j versus dp+ for the cadmium
ion-catalyzed hydrolysis of para-substituted benzene*- 
boronic acids.
does not correlate the data as well as does 6 . In Figure 19,
log (^dAoCd* ls Ploti::e<i against 6 + 0.5(<S+ - <0. A fairly 
good correlation is obtained. Qualitatively, this plot re­
sembles the corresponding one for the base reaction (Figure 9), 
Quantitatively, however, in Figure 19 the fluoro and hydrogen 
points lie farther off the line while the methoxy, methylp and 
chloro show less scatter than In Figure 9.
The value of p in Figure 19 is -1.34. This means that 
there is even less positive charge on the aromatic ring in the
transition state than in the base-catalyzed reaction (where P
+ +
is -2.14). This agrees with the hypothesis that Cd-OHg is
+ +
acting like a general acid in the reaction. Since Cd-OHg Is
a more effective proton donor than water, a transition state 
+ +
involving Cd-OHg and the boronate anion should have less posi­
tive charge on the benzene ring than a transition state in­
volving water and the boronate anion.
In Figure 20, log for ortho substituted
areneboronic acids is plotted against Ho linear corre-
0
lation Is obtained. The plot Is similar to Figure 10 and can 
be Interpreted in the same way. The most noticeable difference 
between Figure 10 and Figure 20 is the change In relative 
values for fluoro and chloro.
The similarity between these plots and the corre­
sponding plots for the base reaction Is consistent with the 
view that in the base reaction a water molecule Is acting as
4* +
a general acid and In the "cadmium" reaction Cd-OHg Is acting 
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Figure 19.— log (k ^ / k ^ )  versus J + 0.5(<f+ - 6)





















Figure 20.— log {\<.'cd/k*oCd) varsu3 4 'c for t
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Figure 20.— log (kcaAocd) versus^© for the cadmium
ion-catalyzed hydrolysis of ortho-substituted benzene- 
boronic acid3.
i
The ortho/para ratios for the cadmium Ion reaction 
are listed In Table XVI. They are quite large but do not
cover such a wide range of values as do the ratios for the
base reaction.
TABUS XVI
ORTHO/PARA RATIOS FOR PROTODEBORONATION IN AQUEOUS MALONIC 
ACID-SODIUM MALONATE BUFFERS (pH 6.70) AT 90° C. IN THE PRES­
ENCE OF 1 x 10“4 M CADMIUM NITRATE AND AQUEOUS SULFURIC ACID 
AT 60° C.






9. pH-Independent reaction. Although the data is
rather sparse, the results listed in Table XII and plotted
in Figure 14 indicate that a pH-independent reaction becomes
important below about pH 5.8. This reaction could occur by
any of three mechanisms. A cadmium ion could be attacking
the boronlc acid to form an organocadmium compound in the
+ +
slow step. A solvated cadmium ion (Cd-OHg) could be donating 
a proton to the boronic acid. Or, finally, a "cadmium ion- 
hydronlum ion complex" could be donating a proton to the boron- 
ate anion in the slow step.
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Of these three mechanisms, the last one seems least 
likely. It is difficult to visualize just what this ’’cadmium 
ion-hydronium ion complex” could be like.
10. Relative reactivity of various attacking species. 
Pour reactions, each presumably involving a different combi­
nation of attacking species and substrate, were observed in the 
present investigation. The base reaction involves attack of 
a water molecule on a boronate anion, while the corresponding 
pH-independent reaction involves either attack of a hydronium 
ion on the boronate anion or attack of a water molecule on the 
boronic acid. The ’’cadmium” reaction involves either attack 
of a cadmium ion on the boronate anion to give an organocad- 
mium compound or the donation of a proton to the boronate 
anion by a solvated cadmium ion. The corresponding pH-inde­
pendent reaction involves attack of a cadmium ion on the 
boronic acid, donation of a proton to the boronic acid by a 
solvated cadmium ion, or donation of a proton to the boronate 
anion by a ’’cadmium ion-hydronium ion complex." The various 
combinations and their relative values are summarized in 
Table XVII. It should be realized that these relative rates 
hold only for the specific areneboronic acid used, 2,6-di­
me thoxybenzeneboronic acid.
The methods used to calculate the rates of the pH- 
independent reactions and the relative reactivities listed in 
Table XVII are illustrated by the following example. By as­
suming that, for the base catalyzed reaction, k0^s# = 18.1 x 
10"® sec."-^ at pH 6.70 and that the reaction is first order
TABLE XVII
RELATIVE RATES FOR VARIOUS COMBINATIONS OF ATTACKINQ SPECIES 
AND SUBSTRATES FOR THE HYDROLYSIS OF 2,6-DIMETHOXYEENZENE- 
BORONIC ACID.
Attacking Substrate Relative Rates8,
species
Ho0 boronate anion 12
Cd++ boronate anion 2.1 X 107
h3o+ boronate anion 1.6 X IQ7
H O boronic acid 8.3 X IQ"62 „c
Cd++, h3o+ boronate anion 4.2 X 10®
Cd++ boronic acid 1.4 X 101
h30+ boronic acid 3.9 X 101
Catio of rate constants for second order reaction 
between attacking species and substrates listed in the first 
two columns.
This value holds whether the mechanism is assumed to 
Involve attack of a cadmium ion to form an organocadmium com­
pound or to involve donation of a proton by a solvated cadmium 
ion.
Calculated by assuming that the concentration of Cd++ 
H,0+ ia equal to the measured hydronium ion concentration.
a68
In hydroxide ion, we can calculate that kQbs should be 1*02 x 
1
10 sec® at pH 5,45® The measured rate constant is 2.04 x
10 sec.”x The difference must be due to the pH-independent
reaction, or = 1,02 x 10“^ sec.“^ for the pH-independent
reaction at pH 5,45. In other words, at this pH the observed 
rate constants for the two reactions are equal® Of course 
this does not mean that the reactivities of the attacking 
species and substrates are the same in both reactions. In 
order to calculate relative reactivities we must take into 
account the concentrations of the attacking species and the 
substrates® In a case like this we can calculate the relative
reactivities of the two pairs of attacking species and sub­
strates by using the following equation.
[attacking! species J2 [substrate]2
reJLe reactivity = ---- :—  x  ---------- x ----------- —
kobs.2 [substrate]^
5
Kuivila and Nahabedlan have measured the rate of acid 
hydrolysis of 2,6-dimethoxybenzeneboronic acid under such con­
ditions that the attacking species was the hydronium Ion and 
the substrate was the boronic acid. Projection of their rate 
constants shows that, in the scale of relative rates used in 
Table XVII, this combination of attacking species and substrate 
has a value of about 3.9 x l o\
4
Kuivila and Muller have measured the rate of aryl- 
mercuration of benzeneb'oronic acid® The rate-determining 
step probably involves attack of an arylmercury cation on 
the areneboronic anion. It is difficult to make a direct
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comparison of this case with the preceding cases, but a min­
imum value can be estimated if we make several assumptions*
The second order rate constant for the arylmercuration of p- 
methoxybenzeneboronlc acid at 25° C* in 50$ ethanol is 1*03 x 
10® 1* mole"-*- seca”^ We shall assume that the pH is 7* If 
we assume that the rate increases 50$ with each 10° Increase 
in temperature, the rate constant at 90° C. will be 1*53 x 
10 1* mole sec* The reacting species are believed to
be an arylmercury cation and the boronate anion, but the rate 
constant was calculated for a reaction first order in both 
areneboronic acid and basic phenylmercuric perchlorate. We 
shall assume that the concentration of arylmercury cation is 
equal to that of basic phenylmercuric perchlorate (although 
it certainly is less). We shall correct, however, for the 
fact that the substrate Is actually the boronate anion by 
multiplying the rate constant by the ratio j~boronic acid]s/ 
[boronate ion] where s denotes stoichiometric concentration*
At pH 7, application of this correction changes the rate con­
stant to 5.98 x 10^ 1. mol©”'*' sec®”"* In going from 50$ ethanol 
to water the rate constant would increase, at least three fold, 
to 1.79 x 10®,1. mole ^ sec.“^
At 90° C. in aqueous malonic acid-sodium malonate 
buffers (pH 6.70) the pseudo first order rate constant for
«-l7the hydrolysis of p-methoxybenzeneboronic acid is 6.10 x 10 
sec."'*' Division by the concentration of water (55.5 moles/l.) 
converts this to a second order rate constant, I.10 x 10"®
1. mole"** secs’"* Correction for the fact that the actual
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substrate is the boronate anion changes the rate constant to 
7.42 x 1Q“® 1* mole""-*- sec.*'*’ Division of 1.79 x 10® 1. mole“^ 
s e c . b y  7.42 x 10“® 1. mole“ *^ sec.**’®' yields 2.4 x 10®. This 
is a minimum value for the reactivity of an arylmercury cation 
with a boronate anion in the scale of relative reactivities 
in Table XVII.
Mercuric ions react so rapidly with benzeneboronic 
acid that Muller was not able to measure the rate.®^ The 
reaction was* however* at least a thousand times faster than 
the arylmercuration reaction. The relative reactivity of the 
mercuric ion (and whatever substrate It is attacking) would 
be about 10^® on the scale of reactivities in Table XVII.
11. Conclusions. Two reactions involving cadmium 
ions have been observed. We shall consider each in turn.
Above pH 5.8* the only reaction observed* the "cad­
mium” reaction, is one which is first order in areneboronic 
acid, hydroxide ion, and cadmium ion. The small value of % 
(-1.34) for this reaction indicates that there Is even less 
positive charge on the ring than in the case of the base re­
action. This could mean that the bond between the attacking 
species and the reaction site is formed to only a small extent 
In the transition state, or conversely* that the carbon-boron 
bond is fairly well broken.
Two mechanisms have been proposed for this reaction.
In the first mechanism a cadmium Ion attacks the boronate 
anion* displacing the boronic acid group and forming an organo- 
cadmium compound in the rate-determining step. This organo- 
cadmium compound then hydrolyzes rapidly to yield the products.
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In the second mechanism a solvated cadmium ion donates a pro­
ton to the boronate anion in the rate-determining step, thus 
directly forming the products. With the information avail­
able, a choice can not be made between these two mechanisms.
Below pH 5.8, a pH-independent reaction becomes im­
portant. This reaction is first order in areneboronic acid 
and cadmium ion. Three mechanisms have been considered for 
this reaction. In the first mechanism a cadmium ion displaces 
the boronic acid group from the areneboronic acid in the rate- 
determining step to form an organocadmium compound which rap­
idly hydrolyzes. In the second mechanism a solvated cadmium 
+■ +
ion (Cd-OHg) donates a proton to the boronic acid. In the 
third mechanism a ’•cadmium ion-hydronium ion complex” donates 
a proton to the boronate anion. This last mechanism seems 
unlikely since it is difficult to imagine the existence of a 
’•cadmium ion-hydronium ion complex”. With the information 
available, a choice can not be made between the first two 
mechanisms.
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III* HYDROLYSIS OF o-METHOXYBENZENEBORONIO ACID AT pH 8.7
The alkaline hydrolysis of o-methoxybenzeneboronic 
acid was investigated in aqueous borate buffers at pH 8.7. 
Since these runs were done before it was realized that the 
distilled water contained impurities that strongly catalyzed 
the reaction, the observed rates are a measure of a catalyzed 
reaction which is probably analogous to the ‘’cadmium11 reaction 
discussed in the previous section. The reaction was followed 
by measuring the change in ultraviolet absorption.
1. Course of the reaction. At pH 8.7, in the pres­
ence of oxygen, hydrolysis converts o-methoxybenzeneboronic 
acid to anisole and guaiacol. As the amount of oxygen avail­
able to the reaction decreases, the proportion of guaiacol 
decreases. When the reaction was carried out under what were 
considered to be anaerobic conditions (see Experimental Sec­
tion) the amount of guaiacol formed was too small to be di­
rectly detected in the ultraviolet spectrum.
Kinetic order of reaction. Under supposedly an­
aerobic conditions, a first order plot (Figure 21) exhibited 
an Initial steep curved portion followed by a straight por­
tion. This type of plot usually means that there are two 
competing reactions, one much faster than the other. The 
fast one predominates until some component in the reaction 
mixture essential to it Is consumed, and then the kinetics 
of the slower reaction are observed.
If the reaction is carried out in the presence of 














Figure 21.— Rate plot for the hydrolysis 
cf o-methoxybenzeneboronic acid at pH 8.7 




shown by the initial steep portion of the "anaerobic" re­
action) until all the o-methoxybenzeneboronic acid is 
consumed (Figure 22),
3* Discussion. The most obvious explanation for the 
behavior shown in the "anaerobic” runs is that a trace of ox­
ygen is still present and that the initial fast portion is 
due to an oxygen-catalyzed reaction which stops as soon as 
the oxygen is consumed® The amount of guaiacol formed was 
too small to be detected in the ultraviolet (.i.e.* less than 
2-3$)® Consequently* a fast oxygen-catalyzed reaction lead­
ing to guaiacol could not possibly account for the steep por­
tion of the curve® Possibly anisole can be formed rapidly by 
an oxygen-catalyzed reaction* This rapid reaction predomi­
nates until the trace of oxygen is consumed, perhaps by the 
formation of a small amount of guaiacol, After this fast re­
action stops, the rest of the boronic acid is converted to 
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Figure 22.— Rate plot for the hydrolysis of 
o-methoxybenzeneboronic acid at pH 8.7 in 








1« Water, The water was purified by redistilling 
distilled water from glass. The water was demonstrated to be 
sufficiently pure by showing that It gave the same kinetics 
as water that had been redistilled again and as '‘conductivity 
water” (obtained from Sprague Electric Company),
2, Areneboronic acids, All the areneboronic acids 
used In this work have been described previously. With the 
exception of o-fluoro- and 2,6-dimethoxybenzeneboronic acid, 
all the areneboronic acids were prepared according to the
28 i n
method of Bean and Johnson, o-Fluorobenzeneboronic acid A 
and 2,6-dimethoxybenzeneboronic acid® were prepared in an 
analogous manner from the corresponding organolithium compounds.
As the final step in the purification of each arene­
boronic acid, it was recrystallized at least twice from re­
distilled water,
3, Maionic acid, Matheson Coleman & Bell malonic 
acid was recrystallized from redistilled water* Further re- 
crystallization did not affect the kinetics,
4, Sodium perchlorate, Fisher sodium perchlorate 
was recrystallized twice from redistilled water. Further re­
crystallization did not affect the kinetics,
5® Sodium hydroxide, The sodium hydroxide solutions 
used In the buffers were made from Acculute standard solutions 
diluted with redistilled water. These solutions were checked
against solutions made from analytical reagent sodim hydrox­
ide, and It was found that m e  of Acculute solutions did not 
cause any increase in the rate*
6. Cadmium nitrate* A weighed amount of cadmium car­
bonate was dissolved in water and a slight excess of nitric 
acid added* The solution was evaporated to dryness twice to 
remove the excess nitric acid* The residue was transferred 
quantitatively to a volumetric flask and diluted with redis­
tilled water*
7* Deuterium oxide* The deuterium oxide was obtained 
from the Bio-Rad Laboratories and, according to the supplier, 
contained 99*8# DgO*
II. CLEANING GLASSWARE
All glassware was cleaned with nitric acid and rinsed 
ten times with distilled water and four times with redistilled 
water. Any pieces of glassware which had previously been 
cleaned with chromic acid or which might have been "used with 
metal ions were rinsed twenty times with distilled water and 
then allowed to stand overnight in a solution of 2, 6-dime thoxy- 
benzeneboronlc acid in a maIonic acid-sodium malonate buffer 
(i*e*, a reaction solution). They were then cleaned as above*
III. MEASUREMENT OP pH
Except for the measurement of the pH of the borate 
buffers, all pH measurements were made with a Model R Cambridge 
pH meter at room temperature* The pH of the borate buffers
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was measured at the temperature at which they were going to 
be used since their pH is quite sensitive to changes in 
temperature.
IV. BUFFERS
Stock buffer solutions were prepared by partially 
neutralizing the appropriate acid with standard sodium hy­
droxide solution and diluting to the proper volume with re­
distilled water. The stock buffer solutions were stored in 
polyethylene bottles.
V. KINETIC PROCEDURES
1® Temperature control. Most of the runs were carried 
out at 90.0° C. but a few were done at 60.0° C. and 65.0° C.
The constant temperature bs.th controlled the temperature to 
within *0.02 C.° The differential thermometer In the bath 
was calibrated against a thermometer standardized at the 
National Bureau of Standards.
2i» R-uns Aon® in the presence of air. J&n appropriate 
amount of the areneboronic acid was weighed out In a paraffin 
cup and then emptied into a volumetric flask. An aliquot 
from a stock buffer solution was added and the solution di­
luted to the mark with redistilled water. The flask was 
shaken until the areneboronic acid dissolved.
In the cadmium Ion-catalyzed runs, the cadmium nitrate 
was not added until the areneboronic acid had dissolved. In 
other words, after the aliquot of buffer solution had been
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added, enough redistilled water was added to allow the arene­
boronic acid to dissolve. After the areneboronic acid had 
dissolved, an aliquot of a standard solution of cadmium ni­
trate was added and the solution diluted to the mark with 
redistilled water.
Aliquots of the reaction solution were pipetted into 
ampules. The ampules were sealed and placed in the constant 
temperature bath. At measured time intervals, an ampule was 
removed and placed in ice water for one minuteo The ampule 
was then opened, and the contents poured into a volumetric 
flask which contained an appropriate amount of 1/10 U hydro­
chloric acid solution. The ampule was rinsed with 10 ml, of 
redistilled water and the rinsings added to the volumetric 
flask, The quenched solution was diluted to the mark with 
redistilled water.
The absorbance of the quenched kinetic samples was 
measured in a Beckman DU spectrophotometer,
3, “Anaerobic” runs. The kinetic procedure for the 
'‘anaerobic” runs was the same as for the other runs except 
that the air was removed from the reaction ampules in the 
following manner.
Aliquots of the reaction solution were pipetted into 
pyrex ampules. Each ampule was immersed in a dry ioe-acetone 
bath until the reaction solution was frozen, evacuated to 
0,03 ram,, closed off from the rest of the vacuum system, and 
the reaction solution allowed to melt® This cycle was re­
peated twice and the ampules sealed under vacuum.
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VI. CALCULATION OF RATE CONSTANTS
The absorbance (A^ .) of a kinetic sample minus the ab­
sorbance (Ago) of a sample taken at ttinfiniteM time is directly 
proportional to the areneboronic acid concentration in the 
sample. Consequently when log (At - A<*>) is plotted against 
time, the pseudo first order rate constant can be calculated 
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Solvents ordinary distilled water
A o o  =  0 , 0 0
pH = 8,70 A 55 290,0 mp
Run under “anaerobic11 conditions.
time (min,), At — A<?o log (A^ . “ Aoo)
0 1.690 1.690 0.228
12 1.176 1.176 .080
42 .808 .808 -,093
91 .621 .621 -.207
257 .261 .261 -.584






Solvents ordinary distilled water 
A o o  =  0 . 0 0
pH = 8.70 A= 290.0 nyj.






























Aoo = 0 ©00 u — 0*14
pH = 6*80 X= 290*0 wp.
time (min.) A+. - Aoo log (At - Aoo)
49 0.813 0.813 -0.090
2,249 .629 .629 -.202
6,829 .344 .344 -.464
6,834 .353 .353 —*452
8,622 .288 .288 — « 541
2,916 .268 .268 -.572
11,542 .192 .192 -.717
11,548 .190 .190 -.721
11,551 .192 .192 -.717
kobs.




Added salt: 1 x 10"® M cadmium nitrate
Temperaturet 90e0° C.
Buffer: malonate
Aco = 0.00 u 0.14
pH = 6.80 A = 290.0 1191
time (min.) At At - Aoo log (At - Aoo)
53 0.113 0.113 -0.947
92 0.034 0.034 -1.468
2253 0.015 0.015 -1.854





Added salt: 1 x 10*"® M zinc nitrate
Temperature: 90*0° C.
Buffer : malonate
Aoo — 0*00 
pH = 6.80
U « 0.14 
A = 290.0 mp
time (min.) At At —■ Aoo log (At - Aoo )
56 0.542 0.542 r»0. 266
96 .390 .390 -.409









Added salts 1 x 10 M silver nitrate
Temperatures 90*0° C.
Buffers malonate
Aoo = 0®00 u = 0.14
pH = 6.80 A — 290.0 wp.
time (mln.) At At - A«o log (At - Aoo)
60 0.296 0.296 -0.529
100 .271 .271 -.567
188 .315 . 315 -.502
2,257 .173 .173 -.762





Added saltr 1 x 10 M magnesium nitrate
Temperature: 90*0° C.
Buffer: malonate
Aoo = 0*00 u = 0.14
pH — 6*80 A = 290.0 mji
time (min.) At - Aoo log CAt - Aoo)
31 .803 .803 -0.095
279 .779 .779 -.109
2,502 .534 .534 -.273
6,078 .249 .249 -.604





mmZAdded salts 1 x 10) M aluminum nitrate 
Temperatures 90*0° C.
Buffers malonate
Aoo = 0,00 u — 0*14
pH = 6*80 A - 290*0 mu
time (min.) At - Aoo log (At - Aoo)
35 .793 0.793 -0*101
283 .742 .742 -.130
3,166 .450 .450 -.347
6,022 .231 .231 -.636




Added salts 1 x 10”® M nickel nitrate
Temperatures 90*0° C.
Buffers malonate
A qo = 0*00 —  ' u = 0.14
pH — 6*80 A = 290,0 mp.
time (min.) At At - Aoo log (At - Aoo )
39 0.800 0.800 -0.097
287 0*744 0.744 -.129
3,138 0.281 0.281 -.552




Added salt: 1 x 10 M sodium nitrate
Temperature; 90.0° C ©
Buffer; malonate
= 0,00 u = 0.14
pH » 6.80 * = 290.0 mu
time (min.) At At - A*, log (At - Aoo)
43 .823 .823 -0.085
291 .806 .806 -.094
2,516 .594 .594 -.226
6,086 .370 .370 -.432
k , „ = 2.20 x IQ"’® sec."***ODS*
93
RON 116
2, 6-Dime thoxybenzeneboronic acid 
Temperature: 90,0° C.
Buffers malonate
Aoo = 0 .030 u — 0 .14
pH = 6.70 A =  290.0 mp.
Run under “anaerobicM conditions.
time (min.) At At - Xoo log (At - Aoo)
5 0.622 0.592 -0.228
138 .526 .496 -.304
355 .447 .417 -.380
917 .258 .228 -.642
1,067 .227 .197 -.706
1,265 .188 .158 -.801
kobs« * 17.4 x 1Q~6 sec.*1
94
RTJH 117
2, 6-Dime thoxybenzeneboronic acid 
Temperature: 90.0° C.
Buffer: malonate
Aoo - 0*030 u = 0.14
pH = 6.70 A = 290.0 mjx
time (min.) A't At - Aoo log U t - Aoo)
9 0.640 0.610' -0.215
143 .532 .502 -.299
358 • 444 .414 -.384
921 .256 • 226 -.646
1,072 .224 .194 -.712
1,269 .186 .156 -.807





Aoo “ 0 ©030 u s 0*14
pH = 6 .70 290.0 mp.
time (min.) At At - Aoo log (At - Aoo)
12 .675 0.645 -.191
151 .681 .551 -.259
509 .407 .377 -.424
656 * .352 .322 -.492
1,002 .251 .221 -.656
1,446 .167 .137 -.863
1,608 .144 .114 -.943
kobs. = 17.9 x 1CT6 sec.“ *^
96
RUN 119
2, 6-Dime thoxybenzeneboronic acid 
Temperaturei 90*0° C.
Buffer: malonat e
Aoo s 0.03Q u ~ 0.14
pH = 6.70 A® 290*0 mp.
time (min.) At At - A*© log (At - A©o )
16 0.648 0.618 -0.209
155 .562 .532 -.274
512 .393 .363 -.440
660 .335 .305 -.516
1,007 • 242 .212 -.674
1,450 .160 .130 -.886
1,613 .138 .108 -.967




Added salt: 3.60 x 10"^ M sodium perchlorate
Temperature: 90.0° C .
Buffer: malonate
Aoo = 0.107 u = 0.500
pH = 6.49 A * 245.0 mu
time (min.) At kt - Aoo log (At - Aoo)
8 0.762 0.655 -0.184
241 .707 .600 -.222
767 .473 .366 -.437
1,029 .406 .299 -.524
1,375 .322 .215 -.668
2,225 .220 .113 -.947
2,228 .215 .108 -.967
kobs. = 13.8 x 1Q~6 sec."^
98
m m  124
2,6-Dimethoxybenzeneboronic acid
Added salts 1*20 x IQ"1 M sodium perchlorate
Temperatures 90.0° C.
Buffer t malonate
Aoo = 0.030 u = 0.260
pH — 6.57 A = 290.0 mji
time (min.) At At - Aoo log (At - Aoo).
9 0.656 0.626 -0.203
1,$30 .361 .331 -.480
1,622 .305 .275 -.560
1,876 .238 .208 -.682
2,832 .100 .070 -1.155
3,408 .073 .043 -1.366
kobs. = 14.9 x 10“® sec.“^
99
RUN 126
2, 6-Dime thoxybenzeneboronic acid
Added salts 2*40 x 10 “1 M sodium perchlorate
Temperatures 90,0° C.
Buffer: malonate
Aoo = 0.030 u = 0.380
pH = 6.54 A= 290.0 mp
time (min.) At At - Aoo log (At - Aoo )
15 0.655 0.625 —0.204
619 .396 .366 -.437
910 .313 .383 -.417
1,164 .270 .240 -.620
2,116 .110 .080 -1.070
2,696 .076 .046 -1.097
k
obs.
= 14.1 x 1Q“6 sec.”1
100
RTJH 127
2, 6-Dime thoxybenzeneboronic acid
Added salt ; 7.6 x 10~^ M sodium perchlorate
Temperature; 90.0° C.
Buffermalonate
Aoo = 0.030 u » 0.216
pH = 6.63 A= 290.0' mp
time (mln.) At At - A<=o log (At - Aoo)
7 0.651 0.621 -0.207
346 .469 .439 -.358
1,822 .207 .177 -.750
1,962 .192 .162 -.791
2,130 .166 .136 -.867
2,412 .142 .112 -.951
2,424 .138 .108 -.967




Added salt: 3.6 x lO"’^  M sodium perchlorate
Temperature: 90*0° C.
Buffer: malonate
Aoo = 0.03Q u = 0.176
pH = 6.67 A s 290.0 mji
time (min.) At At - Aoo log (At - Aoo)
10 0.648 0.618 -0.209
349 .463 .433 -.364
1,826 .212 .182 -.740
1,967 .184 .154 -.813
2,136 .149 .119 -.925
2,416 .123 .093 -1.032
2,438 .119 .089 -1.051




2,6-Dime thoxybenzeneboronic acid (4*45 x 10*"® M)
Temperatures 90,0° C.
Buffer: malonate
Aoo - 0*030 u =- 0,14
pH = 6,70 A =  290,0 mp.
time (min,) At At - A^o log (At - Aoo)
5 0,663 0,633 -0.199
279 .497 .467 -.331
982 .245 .215 -.667
1,057 .228 .198 -.704
1,114 .221 .191 -.719
kobs. ~ 18*2 x 1Q~6 sec.”1
103
RUN 131
2,6-Dimetb.oxybenzeneboronic acid (5,25 x 10“4 M)
Temperatures 90*0° C.
Buffer: malonate
Aoo ~ 0.040 u = 0,14
pH = 6.70 A = 290.0 mp
time (min.) At At - Aoo log (At - Aoo )
8 0.768 0.728 -0.139
283 .572 .532 -.274
987 .284 .244 -.612
1,061 .279 .239 -.622
1,118 .254 .214 -.670




Temperaturet 90o0° Co 
Buff er t malonate
Aoo ~ 0»030 u — 0.14
pH = 5*85 X - 290.0 mp.
time (min.) At At - Aco log (At - Aoo)
16 0.662 0.632 -0.199
731 *591 .561 -.251
2,161 .451 .421 -.376
3,586 *364 .334 -.476
5,292 .276 .246 -.609
5,426 • 264 • 234 -.631






Aco “ 0e030 u — 0*14
pH = 6.05 A =  290*0 mji
time (min.) At At - Aoo log (At - Aoo)
9 0*660 0.630 -0.201
738 • 559 .529 -.277
1,306 .478 .448 -.349
1,348 .474 •444 -.353
2,180 .369 .339 -.470
2,791 .318 .288 -.541
^obs. = 4.25 x 10"® sec.”**-
106
RUN 138
2, 6-Dime thoxybenzeneboronic ac Id 
Temperaturei 90*0° C.
Buffert malonate
Aoo ~ 0 .030 U  = 0 . 14:
pH =t 6*42 A = 290*0 mji
time (min* ) At At - Aoo log (At - Aoo)
12 0.722 0.692 -0.160
743 .492 .462 -.336
1,310 .365 .335 -.475
1,352 .361 .331 -.480
1,825 .231 .201 -.697
2,073 .204 .174 -.759
2,435 .181 .151 -.821




Added salt: 3*45 x 10r3 M boric acid
Temperature: 90*0° G.
Buffer: malonate
Aoo = 0,030 u = 0,14
pH s= 6,42 290.0 rn^i
time (min*) At At - Aoo log (At - A<»)
5 0.692 0.662 -0.179
393 .572 .542 -.266
1,257 .361 .331 -.480
1,862 .267 .237 — . 626
2,720 .174 .144 -.842






Aoo ■— 0 «030 u — 0 « 14
pH s= 6,45 A = 290,0 mp.
time (min.) At At - Aoo log (At - Aoo);
15 0.666 0.636 -0.197
397 .641 .611 -.214
1,262 .578 .548 -.262
1,867 .535 .505 -.297
2,724 .475 .445 -.352
3,448 .441 .401 -.396







Aoo - 0.030 u = 0.14
pH = 4.42 A = 290.0 mpa
time (min.) At At - Aoo log (At - Aoo )
16 0.663 0.633 -0.199
401 .621 .591 -.228
1,265 .582 .552 -.258
1,870 .561 .531 -.275
2,728 .501 .471 -.327
3,452 .475 .445 -.352






Aoo - 0o055 u = 0.14
pH = 6®70 A = 290*0 mp.
time (min,) At - Aoo log (At * Aoo)
0 1.722 1.667 0.223
342 1.705 1.650 .217
1,067 1.625 1.570 .195
2,634 1.576 1.521 .182
3,856 1.491 1.436 .157
5,485 1.436 1.436 .141
8,672 .998 .943 -.026
10,514 .795 .740 -.131
11,388 .605 .550 -.250






Aoo = 0.228 u *= 0,14
pH = 6*70 226*0 mp.
time (min.) A^ - A oo log (Aj. — Aoo)
12 1,950 1.722 0.236
346 1.710 1.482 .171
1,129 1.196 .968 -.014
1,771 .913 .687 -.163
2,728 .659 .431 —.366
2,734 .652 • 424 -.373






Aoo — 0 © 218 u = 0*14
pH = 6.70' A = 226*0 mji
time (min*) A t At - A©o log (At - Aoo)
10 1*521 1.303 0.116
242 1.521 1.303 .116
1^220 1.500 1.282 .108
5,295 1.361 1.143 .058
6,692 1.318 1.100 .041
11,090 1.148 .930 —.032






A qo ~  U © 218 u — 0 • 14
pH = 6*70 A * 226*0 m>i
time (mln.) At - Aoo log (At - Aeo)
13 1*373 1.155 0*062
247 1*366 1*148 *059
1,224 1*347 1*129 .052
5,299 1.279 1.061 .026
6,697 1.265 1.047 .019
11,095 1.208 .990 -.004






Aoo “ 0o00 u — 0.14
pH = 6*70 A =  290.0 mp
time (min.) At A t - Aoo log (At - )
10 0.822 0.822 -0.085
1,229 .750 .750 -.128
3,993 .581 .581 -.238
5,986 .475 .475 -.325
7,172 .412 .412 -.388
8,561 .342 .342 -.466
11,072 .286 .286 -.544







Aoo = 0.337 u = 0.14
pH = 6.70 A = 218.0 mp
time (min.) At At - Aoo log (At - Aoo)
10 0.884 0*547 -0.262
303 .775 .438 -.358
448 .745 .408 -.390
981 .625 .288 -.541
985 .623 .286 -.544
1,317 .562 .225 -.648
1,498 .535 .198 -.704
2,585 .425 .088 -1.056






Aoo = 0,375 u = 0.14
pH = 6.70 A s 218*0 mp
time {min.) At At " log A^t ” Ao°*
13 1.253 0.878 -0.057
309 1.247 .872 -.060
2,882 1.218 .843 -.074
5,742 1.177 .802 -.096
8,958 1.164 .789 -.103
8,963 1.143 .768 -.114






Aoo = 0.218 u = 0.14
pH ss 6.42 A = 226.0 mp
time (min.) A^ At - Aoo log (At - Aoo)
5 1.598 1.380 0.140
2,460 1.561 1.343 .128
6,327 1.486 1.268 .102
9,638 1.442 1.224 .088





Buffer s malonat e
Aoo = 0,00 u = 0,14
pH = 6,42 A = 290,0 mp
time (min,) At At - Aoo log (At - Aoo )
11 0*818 0.818 -0.087
2,465 .730 .730 -.137
6,331 .569 .569 -.245
9,642 .458 .458 -.339






Aoo - 0,218 u = 0,14
pH = 6*42 A = 226,0 mp
time (min.) At At - Aoo log (At - A«o)
11 1.675 1.457 0.163
961 1.331 1.113 .047
2,189 .998 .780 -.108






Aoo s 0*218 u — 0.14
pH = 6*42 = 226*0 1191
time (min.) At Afc - Aoo log (At - Aoo)
14 1.420 1,202 0.080
2,469 1.409 1.191 *076
6,535 1.367 1.149 .060
9,647 1.337 1.119 .044






Aoo = 0,055 u = 0,14
pH = 6,42 238,0 mjx
time (mln.) At At - Aoo log (At - Aoo)
17 1.819 1.764 0.246
2,473 1.742 1.687 ,227
6,539 1.540 1.485 .172
9.652 1.282 1.227 .088






Aoo = 0.375 u - 0.14
pH = 6.42 \ = 218.0 mp
time (min.) At At - Aoo log (At - Aoo)
20 1.518 1.143 0.058
2,479 1.488 1.113 .046
6,543 1.445 1.070 .029
9,656 1.417 1.042 .018






Aoo ® 0.375 u = 0.14
pH = 6.70 A = 218.0 wp.
time (min.) A^ At - Aoo log (At - Aoo)
10 1.228 0.853 -0.069
2,510 1.211 .836 -.078
2,742 1,209 • 834 -.079
4,211 1.197 .822 -.085
5,401 1.187 .814 -.090
7,021 1.177 .802 -.096
7,962 1.168 .793 -.101






Aoo ~~ 0 o 19 5 u — 0 * 14
pH = 6*70 \ = 227 *0 mjx
time (min.) A^ - Aoo log (A^ - Aoo)
13 1*890 1.695 0.229
2,513 1*833 1.638 .214
2,746 1*843 1.648 .216
4,155 1*811 1.616 • 208
5,345 1*788 1*593 .202
7,008 1.760 1.565 .194
7,951 1,742 1.547 .189




Added salt: 1 x 10"^ M cadmium nitrate
Temperature: 90o0° C.
Buffer: malonate
Aoo = 0.00 u = 0.14
pH = 6.70 X = 290.0 mp.
time (min.) At At - A«, log (At “ )
12 0.818 0.818 -0.087
47 .742 .742 -.120
182 • 544 .544 -.265
267 .420 .420 -.377
357 .341 .341 -.468
407 .298 .298 -.526
547 .207 .207 -.684
653 .158 .158 -.802




Added salt: 5 x 1Q~^ M cadmium nitrate
Temperaturet 90*0° C.
Buffer: malonate
A<po = 0*00 u = 0*14
pH = 6*70 A= 290*0 mp.
$
.........  I li I I     ■ n  .   ■■■................................        I l l  - --------
time (min.) At At - Aoo log (At - Aoo)
8 0.789 0.789 -0.103
22 .669 .669 -.175
38 .552 .552 -.258
53 .457 .457 -.340
73 .356 .356 -.451
103 .268 .268 -.572
kobs. “ 201 x 10~6 sec."1
127
RUN 161
2,6-Dime thoxybenzeneboronic acid 
Added salts 1 x lO*"^  M cadmium nitrate 
Temperatures 90*0° C.
Buffers, malonate
Aoo = 0©03Q u ~ 0«14
pH = 6.7G A =  290*0 mp.
time (min*) A t At - Aoo log (At - Aoo)
6 0*629 0.599 -0.223
15 .434 "•404 -.397
25 .296 .266 -.575
29 *249 .219 -.660
35 .208 .178 -.750
38 .182 .152 -.818
41 .167 .137 -.863
44 • 146 .116 -.936




2, 6-Dime thoxybenzeneboronic ac id 
Added salt t 1 x 10"*^  M cadmium nitrate 
Temperatures 90.0° C.
Buffer s malonate
Aoo ~ 0.030 u — 0*14 *
pH = 6.05 A  = 290.0 mp.
time (min.) At At - Aoo log (At - Aoo)
5 0.699 0.639 -0.195
16 .613 .583 -.234
36 .520 .490 -.310
56 . 442 .412 -.385
80 .370 .340 -.469
111 .290 .260 -.585
140 .236 .206 -.686
170 .188 .158 -.802
kobs. = 140 x 1CT6 sec."I
129
Rim 163
2, 6-Dime thoxybenzeneboronic acid 
Added salt: 1 x 10”“^  M cadmium nitrate
Temperatures 90.0° C•
Buffer s malonate
Aco = 0,030 u =s 0,14
pH = 5,45 A = 290,0 mji
time (min,) At At - Aoo log (At - Aoo)
11 0.650 0.620 —0. 208
61 .574 • 544 -.265
157 ,440 .410 -.388
214 .372 .342 -.466
273 .323 .293 -.533
334 .280 .250 -.602
394 .247 .217 -.664
454 .209 .179 -.747




Added salt: 1 x 1Q“^ M cadmium nitrate
Temperature: 90*0° G„
Buffer; malonate
Aoo = 0.030 u = 0.14
pH » 4*42 A  a 290.0 mp.
time (min.) A^ At - Aoo log (At - Aoo)
7 0.685 0.685 -0.184
19 .678 .648 -.188
738 .410 .380 -.420
902 .368 .338 -.471
1,049 .330 .300 -.523
1,322 .270 .240 -.620
1,377 .263 .233 -.633




Added salt: 1 x 10“^ M cadmium nitrate
Temperature: 90.0° C.
Buffers malonate
Aoo = 0*461 u - 0*14
pH = 6*70' As  218.0 mp.
time (min.) At A^ . - A©o log (At - Aoo )
9 1.342 .881 -0.055
69 1.537 .876 -.057
1*170 1.21Q .749 -il26
2*620 1.065 .604 -.219
4*048 .952 .491 -.309




Added salt* 1 x 10“4 M cadmium nitrate
Temp erature: 90*0° C*
Buffer: malonate
Aoo = 0.219 u = 0.14
pH = 6.70 A = 227.0* mp.
time (min.) At At - Aoo log (At - Aoo)
13 1.632 1.413 0.150
17 1.638 1.419 .151
790 1.328 1.109 .044
2,239 .924 .705 -.152
2,872 .791 .572 -.243
3,667 .665 .446 -.351
4,084 .599 .380 -.420




Added salt? 1 x 10”4 M cadmium nitrate
Temperature* 90*0° C.
Buffer: malonate
Aoo = 0*242 u - 0.14
pH = 6.70 A =  226*0 mji
time (min*) At At - Aoo log (At - A^o )
10 1.392 1.150 0.061
306 1,332 1.090 .037
1,122 1.202 .960 -.018
2,877 .954 .712 -.148
3,991 .832 .590 -.229
3,995 .828 .586 -.232




Added salt: 1 x 10“4 M cadmium nitrate
Temperature: 90.0° 0.
Buffer: malonate
Aoo = 0.460 u » 0.14
pH = 6.70 A =  218.0 mp.
time (min.) At At - Aoo log (Afc - A o o )
14 1.503 1.043 0.018
310 1.439 .949 -.023
1,126 1.214 .754 -.123
2,878 .903 •443 -.354
2,933 .781 .321 -.494
2,940 .772 .312 -.506




Added salts 1 x lO"4 M cadmium nitrate
Temperaturei 90®0° C.
Buffert malonate
Aoo = 0,061 u = 0,14
pH =• 6,70/ A = 238,0 1191
time (min,) At A t - Aoo log (At - Aoo)
11 1.558 1.497 0.175
173 1.489 1.428 .154
446 1,366 1.305 .116
1,445 1,075 1.014 .006
2,074 .865 .804 -.095
2, 865 .696 .635 -.197
3,525 .574 .513 -.290
4,342 .401 .340 -.469




Added salts 1 x 10”^ M cadmium nitrate
Temperaturei 90*0° C.
Buffer s malonate
Aoo = 0*242 u = 0.14
pH = 6.70 X = 226.0 1191
time (min.) *t " Ao° loS - Aoo)
11 1.498 1.256 0.099
240 1.419 1.177 .070
1,022 1.137 .897 -.047
1,580 1.002 .760 -.119
2,553 .762 .520 -.284
3,490 .540 .298 -.526





Added salt: 1 x 10 M cadmium nitrate
Temperature: 90.0° C.
Buffer: malonate
Aoo'= 0*242 u — 0*14
pH = 6.70 A as 226.0 m>i
time (min.) A^ At - Aoo log (At - Aqo )
6 1.611 1.369 0.136
17 1.543 1.301 .114
57 1.315 1.073 .031
175 .840' .598 -.223
237 .685 • 443 -.354
297 .578 .336 -.474
357 • 510 .268 -.572




2, 6-Dime thoxybenzeneboronic acid 
Temperatures 90.0° C.
Buffer s malonate
Solvents 98.0$ deuterium oxide
A qo = 0,030 u = 0,14
"pH" = 6.65 A= 290.0 myi
time (min*) At At - Aoo log (At - A^o)
6 0.600 0.570 -0.244
365 .452 .427 -.370
1,067 .276 .246 -.609
1,369 .226 .196 -.708






Solvent: 98.0$ deuterium oxide
Aoo = 0.375 u = 0.14
"pH*1 = 6.65 A = 218.0 mp.
time (min.) A t  At - Aoo log ( A t  - A o o )
3 0.751 0.376 -0.425
2,223 .741 .366 -.437
3,937 .736 .361 -.442
6,929 .726 .351 -.455






Solvent t 98.0# deuterium oxide
Aco = 0.195 u = 0.14
"pH" = 6.65 A = 227.0 mp
time (min.) At At - A^o log (At - A o o )
7 0.811 0.616 -0.210
2,227 .788 .595 -.226
3,942 .773 .578 -.238
6,933 .756 .561 -.251
k , = 0.218 xl.10"6 sec.-1






Solvent? 98.0$ deuterium oxide
Aoo = OoOSO u = 0.14
"pH1* - 6.65 X  = 238.0 mjx
time (min.) At At - A o o  log (At ~ A o o )
11 1.275 1.225 0.088
724 1.272 1.222 .087
3,946 1.199 1.144 .059
6,937 1.094 1.039 .016




Added Salt: 1 x 10“^ M cadmium nitrate
Temperature: 90.0° Co
Buffers malonate
Aoo = 0.400 u = 0.14
pH = 6.70 A = 220.0 mju
time (min.) A t  - A o o  l o g  ( A t  -  A o o )
6 1.078 0.678 -0.169
16 .996 .596 -.224
31 .902 .502 -.299
41 .852 .453 — . 444
53 .796 .396 -.402
70 .718 .318 -.498
85 .671 .271 -.567
100 .626 .226 -.644







Ac?o = 0.375 u =5 0.14
pH = 6*42 X ~ 218*0 mju
time (min*) At At ** Aoo log (At - Aoo)
12 1.185 0*810 -0.092
2,790 1.175 .800 -.097
5,770 1.162 .787 -.104
8,660 1.150 .775 -.110







Aoo = 0*195 u = 0.14
pH = 6.42 A = 227.0 1191
time (min.) At - A OO log (At - A OO )
16 1.787 1.592 0.202
2,795 1.765 1.568 0.195
5,774 1.736 1.541 .188
8,665 1.725 1.520 .182




2, 6-Dime thoxybenzeneboronic acid 
Added salts 1 x 10“4 M cadmium nitrate 
Temperatures 90o0° C.
Buffers malonate
Solvents 98.0$ deuterium oxide
Aoo ® 0.030 u = 0.14
"pH" = 6.65 290.0 mu
time (min.) At At - Aoo log (At - Aoo)
2 0.566 0.536 -0.271
12 .458 .428 -.368
27 .331 .301 -.522
37 .267 .237 -.626
k , = 385 x 1Q~6 sec.**!CuS «
